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There is always a need for new techniques to use in landfill 
monitoring. Geophysical surveying encompasses a range of techniques that 
have potential for use over landfills in detecting landfill geometry and 
interior characteristics. Three geophysical techniques are gravity 
surveying, magnetic surveying, and electrical resistivity surveying.
Resistivity surveys measure the potential difference between electrodes 
placed in the ground. The electrodes can be arranged in several different 
arrays, two of which are the Wenner array and the Schlumberger array.' 
Resistivity data can then be analyzed using computer modeling software.
Two such programs in use for resistivity layered-earth modeling are Veslg 
and Resix Plus.
Resistivity surveys have been performed over Argonne National Laboratory's 
800 Area Landfill, along its perimeter, and elsewhere on the Laboratory 
premises. The surveys performed along the landfill perimeter show a basic 
three-layer model in which the layers represented are different types of 
clays and some topsoil. The surveys over the landfill itself are more 
variable but all have a distinctive very low resistivity layer which may repre 
sent leachate-saturated refuse and fill. This layer has been demonstrated 
to move over time and does not appear to be related to metallic debris, 
according to electromagnetic surveying data. The resistivity surveys 
performed elsewhere on the Argonne National Laboratory premises show a 
three-layer model which seems comparable to the models of the landfill 
perimeter surveys.
Hence, it seems likely that resistivity surveying can be useful in moni­
toring landfill interior characteristics and would prove especially useful 
for leachate detection. However, resistivity surveying should not be done 
to the exclusion of other monitoring methods; rather, it is useful in 
conjunction with other techniques which can confirm or clarify resistivity 
results.
Introduction and Objectives
Ever since people first began to live together in towns and hamlets, there was waste. At first, 
disposal was relatively easy: just dump it outside the settlement and forget about it. However, as cities 
grew, disposal of waste became more difficult because of higher volumes. People began to have to think 
of places to put waste. This problem became acute as wastes became ever more voluminous and ever more 
toxic.
Today, “burial in a landfill is the most common means of disposing of municipal refuse, ashes, 
garbage, leaves, demolition debris, and sludges from municipal and industrial wastwater treatment 
facilities. Radioactive, toxic, and hazardous wastes have also been subjected to land burial as a means of 
disposal” (Fetter, 1994). In short, almost anything and everything has been disposed of in landfills. As 
one might expect, problems result over time. Some problems often cited in newspapers and by people 
living near landfills include noxious odor, increased traffic due to dump trucks and personnel, increased 
incidence of rats and other “dirty” animals, and an unsightly landfill site. However, a more insidious 
problem is leachate.
Leachate is caused when precipitation infiltrates the waste in the landfill and mixes with liquids 
already present in the waste as well as leaching compounds from the solid waste itself (Fetter, 1994). 
When leachate is present, it can move (townward to the water table, causing groundwater contamination.
If waste is present below the water table, groundwater can flow into the landfill and become contaminated 
(Fetter, 1994). This is a cause for concern because leachate-contaminated groundwater may flow offsite 
and develop into a contaminant plume (Fetter, 1994). Pumping wells downgradient may eventually 
become contaminated, causing public health and environmental concerns.
Obviously, there is a need to plan landfill sites carefully and monitor landfills already in place. 
Current planning involves picking a site based on criteria which make leachate production and seepage 
less likely (Fetter, 1994). After a landfill has been used and closed, monitoring still needs to be done. 
Traditional methods include drilling monitoring wells and collecting regular groundwater samples to
check for contamination both on and off-site (Patton et al., 1990). Visual inspection of the landfill is also 
important to detect potential surface problems such as cracking of cover materials and leachate puddles 
(Carpenter et al., 1990).
Some have suggested that geophysical techniques could be effectively employed in landfill site 
monitoring (Carpenter et al., 1990). Such techniques, if feasible, could be an improvement over present 
methods for several reasons. First, since most geophysical surveys are done from the surface, they are less 
invasive than drilling wells and boreholes. Also, since geophysical techniques can survey large areas 
quickly, trouble spots missed by wells may be identified in the landfill itself as well as off-site. Third, 
geophysical techniques could be done periodically by a relatively small number of workers (only one or 
two) and abrupt changes in subsurface conditions could be identified without sending samples to a 
laboratory. Hence, my research was directed at determining if certain geophysical survey methods could 
provide a reasonably accurate description of landfill hydrogeology and thus help in assessing the impact of 
the landfill on its environment.
Geophysical Methods Used at Landfills
There are several geophysical survey methods useful in landfill studies. These include gravity, 
magnetic, and resistivity surveying. A brief description of these three techniques follow.
The first type of geophysical survey in common use is the gravity survey. This technique utilizes 
a gravimeter to detect variations in gravitational acceleration due to lateral subsurface density differences 
(Burger, 1992). Many corrections are necessary to ensure that density differences in the subsurface are 
causing the gravitational changes and not changes in some other variable such as elevation (Burger,
1992). Gravity surveys are more useful in determining overall landfill geometry than in identifying 
specific leakage areas, as these would not cause a tangible density heterogeneity (Burger, 1992).
The second geophysical survey technique useful over landfills is magnetic field measurements. 
Magnetic surveys use a magnetometer to measure distortions in the earth’s magnetic field created by a 
magnetically polarized subsurface object (Burger, 1992). Modeling the source of a magnetic field 
anomaly usually requires knowledge of several variables, and a determination of which model accurately
reflects the object’s shape and depth usually must be based on additional information obtained through 
other methods (Burger, 1992). Thus, a disadvantage of this technique is the inherent non-uniqueness of 
models, necessitating use of additional survey methods to provide enough information for a reliable model 
to be constructed of the object creating the anomaly (Burger, 1992). However, magnetic surveys can be 
utilized in defining landfill geometry because of intense variations in the earth’s magnetic field over a 
landfill due to its debris fill (Burger, 1992). Also, since most metal objects are ferromagnetic or partly 
ferromagnetic (and hence distort the earth’s magnetic field to some degree), the landfill’s metal content 
can sometimes be characterized and large objects modelled using magnetic survey data (Carpenter et al., 
1990).
The third geophysical surveying technique useful in landfill investigations is electrical 
exploration. The type of survey I will focus on is the electrical resistivity survey, although there are other 
available methods including ground-penetrating radar and electromagnetics (Burger, 1992). This survey 
technique is presented here with data taken from Argonne National Laboratory’s 800 Area Landfill. 
Electrical resistivity soundings are made using one of several electrode arrays which inject current into the 
ground with current electrodes and measure the apparent resistivity with potential electrodes (Ward, 1990; 
Burger, 1992). Resistivity anomalies are caused by differences in the electrical conductivity of earth 
materials, usually reflecting varying metallic content in the subsurface or because of varying ion 
concentrations in the subsurface pore fluids (Burger, 1992). Thus, resistivity surveys, in theory, should be 
useful in detecting leachates containing a high concentration of dissolved ions in landfills because of the 
very low resistivity values as compared to debris, clean water, or natural soils and rocks (Carpenter et al., 
1990). For this reason, resistivity surveys were performed over a landfill in Argonne National Laboratory 
(the 800 Area Landfill) with the aim of determining whether resistivity measurements could adequately 
detect leachate at shallow levels in the landfill which could potentially cause groundwater contamination 
and a resultant off-site contaminant plume (Carpenter et al., 1990).
The next portion of this report focuses on the analysis of the Argonne National Laboratory (ANL) 
800 Area Landfill resistivity data. I will present the data and a site description, then show the results 
which were produced when the resistivity data was analyzed using a resistivity inversion program. These
4results will then be evaluated to either support or reject the hypothesis that resistivity surveying can 
adequately characterize the leachate content of a landfill.
Landfill History
The 800 Area Landfill was begun in 1966 (information on site history was taken from Golchert 
and Kolzow, 1993, unless otherwise specified). It was used for disposal of sanitary general refuse, 
demolition debris, boiler-house ash, and other nonradioactive waste. However, from 1969 through 1978, 
liquid waste, much of which would now be classified as hazardous, was disposed of in French drains in 
the northeast comer of the landfill. The French drains were corrugated steel pipes set into a gravel-filled 
pit which had been dug into a part of the landfill previously filled with debris. Waste was poured down 
the pipe, from which it percolated into the gravel, soil and fill. Records show that approximately 29,000 
gallons of liquid waste were disposed of in the French drains.
The landfill itself was filled with a variety of waste. After the site closing, boreholes were drilled 
into the fill and split spoon samples recovered. The results of this investigation are presented by ANL in 
the Final 800 Area Resource Conservation and Recovery Act Facility Investigation Documentation 
Report. An example of the borehole stratigraphic data is provided in Figure 1, reproduced from the 
above-mentioned report
Geological Setting
Argonne National Laboratory lies above a sequence of glacial tills from the Valparaiso Moraine 
system which range from 21 to over 55 meters in thickness and consist of a heterogeneous mixture of 
sand, s ilt and clay (Willman, 1971). The till under ANL can be divided into two till units, the upper of 
which is an unnamed silty clay till un it and the lower of which is the silty Lemont drift (Willman, 1971). 
The Lemont drift overlies a fractured dolomite of Silurian age which is a major aquifer in the area (Ziezel 
et al., 1962). That dolomite, in turn, overlies shales and dolomites which are Ordovician in age and 
which also contain aquifers (compare stratigraphic column presented in Figure 2).
Figure 1 An example of landfill borehole data
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Figure 2 Stratigraphic Column of ANL area (Ziezel et al. , 1962)
The landfill itself is located in an area which originally had topsoil overlying a brown silty clay 
which graded into grey silty clay intermixed with some sparse coarse sand and gravel (Patton et al., 1990). 
Some minor sand lenses were present in the grey silty clay unit (Patton et al., 1990). Beneath the landfill 
site, the topsoil and upper clay together had a 10-16 foot (3-5 meter) thickness (Carpenter et al., 1990). 
There is probably a perched water table on a seemingly impenetrable grey silty clay later which slopes 
southward and is approximately 20-25 feet (6-7.6 meters) below the surface in the areas surrounding the 
landfill.
Data Collection and Analysis
Resistivity soundings were performed by Carpenter et al. (1990) over the ANL 800 Area Landfill. 
Figure 3 shows the locations of these soundings relative to the landfill. Five Schlumberger soundings 
were made over the top of the landfill, with one Schlumberger and two Wenner soundings made along the 
perimeter (Carpenter et al., 1991). A review of the methods used for these arrays is appropriate. The 
following information on the arrays is taken from Ward (1990) unless otherwise specified.
A Wenner array consists of four equally spaced electrodes. The outer two electrodes convey the 
electrical current, with one electrode injecting and the other receiving current. These are appropriately 
termed the current electrodes. The inner two electrodes are potential electrodes and measure potential 
difference between the current electrodes via a potentiometer (Figure 4a where C, and Ca are the current 
electrodes, and If and Pa are the potential electrodes). The equation used to calculate the apparent 
resistivity, , from the measured potential difference, AV, and the current, I, is:
Pa = AV 2Ka 
I
where a is the separation distance of the electrodes as shown in Figure 4a. To make a Wenner sounding, 
one gradually increases a by increments, measuring A V at each increment. I remains constant.
A Schlumberger array also uses four electrodes. However, the spacing of the electrodes is 
different (Figure 4b). The separation between the potential electrodes M and N is MN. The separation
<*>
W '  Figure 3 Locations of Soundings relative to landfill
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between the current electrodes, A and B, is much wider than MN so that the electrical field strength can 
be approximated from the potential difference measured at M and N. The equation to calculate apparent 
resistivity for a Schlumberger array is:
p a =  7CYAB/2)
I MN
where AB/2 is one-half the distance between the current electrodes. A Schlumberger array is expanded by 
increasing AB/2 by increments while leaving MN the same. Then, when the voltage becomes too small 
as the electrodes get farther apart, one increases MN, takes a reading without moving A or B, then 
resumes increasing AB/2 with the new MN. This is repeated until the desired number of readings have 
been taken. The only difficulty with this method of expansion lies in the clutch, or gap, which occurs in 
the plot of P  a vs AB/2 at the points where MN was changed (see Figure 5). This problem can either be 
solved by averaging the two values of MN and plotting them as one point, or by shifting all the values to 
eliminate the clutches.
Often, A V/I is combined as R, resistance, which is the value returned by the resistivity meter in 
our case. An ABEM Tetrameter SAS 300B unit was used to make measurements in this study. Both 
resistivity analysis programs require that p  a  be input rather than 4 V/I or R and the separation 
distances. Thus, some preprocessing of the data obtained is required. Then, one inputs the calculated 
resistivity values and the separation distances into a data file for analysis by the programs.
Two resistivity analysis programs were used to fit models to the data. In both cases the 
soundings were fit with layered resistivity models. The first program used, Veslg (Davis, 1979) is 
essentially a forward-modeling routine. Veslg requires that one input the number of layers, resistivity for 
each layer, and thickness of each layer. It then matches the data points with a model apparent resistivity 
curve with the input specifications and displays the match on the screen. It provides only one match for 
each set of model values. The degree of error thus is, for the most part, dependent on the user input and 
the program does not manipulate the model parameters.
Resix Plus (Interpex, 1988), though, requires no input other than the data points. It 
automatically performs iterations to match the data with one of many best-fit type curves and prints the 
match as well as the corresponding layer, resistivity, and thickness data to the screen. It will continue to 
iterate better and better fits as the user commands. However, a better fit assumes that the data points are 
perfect and Resix Plus always matches the curve to them.
Both of these resistivity approaches assume a layered-earth model which is not necessarily true, 
especially in landfills (Burger, 1992). In many cases, data points are affected by other factors like lateral 
resistivity variations in layers and thus will never perfectly match a model curve. This means that the best 
fit curve (for either Veslg or Resix Plus) may not actually represent the true geology of the site. One must 
exercise judgment based on knowlege of the probable site stratigraphy, realizing that a slightly bigger 
error in the match does not necessarily disqualify a particular model.
Carpenter et al. (1990) did not use Resix Plus but did use Veslg in analyzing the data. My 
experience was that my Veslg and Resix Plus analyses were, in substance, very similar. Thus, I will 
present my Resix Plus analysis of the landfill and surrounding areas and note those areas where my Veslg 
analysis and/or Carpenter et al. ’s Veslg analysis differed from the Resix Plus analysis. All of my analyses 
are available in Appendix A (Veslg) and Appendix B (Resix Plus), and on the attached disk (data as 
input into Resix Plus).
Results and Interpretation
Landfill Perimeter Soundings
Soundings 2 ,6 , and 7 were performed along the landfill’s perimeter. Of the three, soundings 2 
and 6 produced the best resolved models, though all three soundings could be represented by three-layer 
models consistent with the geology. All three layers in soundings 2 ,6 , and 7 exhibited resistivities 
consistent with clayey sediments (Ward, 1990 and compare Figure 6 with Figure 7 representing the graph 
of sounding 2). By comparing the relative magnitudes of the resistivity measurements within each 
sounding, and by comparison with the soil boring and driller’s log data as presented in Patton et al.
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Figure 7 Sounding 2 graph
represents a black silty clay/topsoil (the black color indicating high organic content), the second layer a 
brown to grey silty clay layer, and the third layer as a clay with sand lenses and/or gravel which would 
increase its resistivity. Sounding 7 in Resix Plus does not appear to have the same resistivity profile as the 
other two soundings but instead begins with resistivities more comparable to those displayed by the second 
layer in soundings 2 and 6, with the next two layers correspondingly increasing in resistivity. However, 
sounding 7 in Veslg is quite similar to soundings 2 and 6. The changes in resistivity do not seem to 
correspond to depth of the water table in any of the soundings (see well logs from Patton et al., 1990).
The total thickness in meters of the first two layers in all three soundings approximately corresponded 
with one another, lending credibility to their tentative identification as clay layers corresponding to each 
other, although the thickness of the bottom layer of any sounding by definition is unknown.
Soundings Over the Landfill
Soundings 3 ,4 ,5 , and 8 were done on the landfill itself. O f the four, soundings 4 and 8 were 
difficult to resolve. Models produced from these soundings had five layers, which equivalence analysis (a 
way of finding out which other models produce equally good matches) indicated had a wide range in 
fitting. This merely indicates that none of the layers is certain in these models. This problem could be 
due to lateral heterogeneities or to metals mixed into the debris (supported by the post-closure landfill 
boring logs as reported in the ANL Final 800 Area RCRA Facility Investigation Documentation Report). 
However, one thing is certain: there was one or more very low resistivity layers in each sounding. 
Soundings 4 and 8 showed the first layer, at about 0.4 meters depth (which proved to be relatively 
constant in the equivalence comparisons), had very low resistivity. This could correspond to the leachate 
levels which Carpenter et al. (1990) reported as being so near to the surface as to produce black puddles in 
tire tracks and fissures. The identity of a second low resistivity layer at greater depth in soundings 4 and 8 
is uncertain; presumably it represents either metal debris or possibly more leachate-saturated refuse lower 
down.
Soundings 3 and 5 were parallel to each other and relatively close together. Thus, their sounding 
curves were very similar. Both had low resistivity layers in between two higher resistivity layers. The two
low resistivity layers seem to correspond to each other, and the higher resistivity layers are also somewhat 
comparable, though the sounding 3 model has a much higher fourth layer resistivity as a result of trying 
to fit the curve to the end data points (which could be affected by the nearby edge of the landfill). The low 
resistivity layers can possibly be explained as leachate-saturated fill, with the lower layer correspondingly 
containing more leachate and thus having a lower resistivity. The top layers would then be unsaturated 
debris and fill, while the bottom layer would likely be the native material below the fill (a silty clay, 
according to the ANL post-closure report mentioned earlier).
However, to show the inherent uncertainty of fitting resistivity data to layered-earth type curves, I 
have included an alternate sounding 3 model to compare with the sounding 3 model mentioned above 
(compare the four layer model shown in Figure 8 with the three layer model shown in Figure 9). The 
curves are almost identical. However, the new one (Figure 9) has only three layers. Note, though, that it 
still has a low-resistivity layer in the same place as Figure 8 does, showing that a distinctive area of low 
resistivity (possibly representing leachate-saturated refuse) will always be in the curve at the same place, 
even if  it is subdivided into two smaller layers as in Figure 8.
To lend credence to the idea that the low resistivity layer represents leachate-saturated debris and 
fill, I analyzed two more soundings taken at the same place as sounding 3 but at different times. If the 
low resistivity layer was indeed leachate, one would expect to see it move upward or downward as time 
passed and leachate levels increased or decreased. This seems to be the case. The top of the interpreted 
leachate saturated layer in Arg-3, the first sounding, was at slightly over three meters depth in the summer 
of 1990. The layer was located at about 0.7 meters in ANLS3R, taken in early summer 1991, and at about 
0.5 meters in 800RES3, taken later during the summer of 1991 (July). The layer actually does seem to 
have moved up as time passed (compare the data analyses in Appendix B under the appropriate sounding 
names). This would seem to indicate that it could be a layer of leachate-saturated debris and fill.
O ther Soundings Made at ANL
I also analyzed several soundings taken at other areas of ANL to assess the sensitivity of 


















0. 1 1 10 100 
SPACING Cm) RESISTIVITY COhm-m)
Figure 8 Sounding 3, four layer
W A R G -3
SPACING <m>
i i e res 1380 1 0
RES I ST I V [ TY (Ohmi - m)
Figure 9 Sounding 3, three layer
shown in Figure 10. Soundings 318NS and 319EW were taken in the southern portion of ANL, and 
TECHRD1 was taken in the eastern portion of ANL. The 318 and 319 soundings both showed claylike 
resistivities for all three of their layers, with the middle layer being slightly lower in resistivity than the 
other two. This pattern seems to approximately correspond to the one seen in soundings 2,6, and 7, taken 
on the landfill's perimeter, and can thus be assumed to have a similar geology. The depth to the second 
layer of the resistivity curves again seems too shallow to be the water table, if the water table can be 
assumed to have the same level as it does near the landfill in the absence of data to the contrary.
However, it is important to note that while the graphs of 318 and 319 look roughly similar, the 
resistivities are not exactly the same, with resistivities at 318NS being somewhat higher than those at 
319EW. TECHRD1 was different. While it had the same pattern of a low resistivity layer sandwiched 
between two higher resistivity layers, the actual resistivity values for the layers were all quite low by 
comparison to those of the other off-landfill soundings (2,6,7, 318, and 319). There is uncertainty as to 
what the lower resistivity layers could mean, as some are in the range of resistivities was associated with 
either metals or leachate in the landfill. It is possible that buried cables or pipes might have some affect 
on the readings since this sounding was made in a ditch along a roadway.
Discussion and Summary
To summarize my results, the resistivity readings on the landfill and off the landfill have very 
different characters, for the most part. Those off the landfill have three-layer models with resistivities 
ranging from 20 to over 200 ohm-meters (a notable exception being the sounding made at Tech Road, as 
discussed above). The resistivities on the landfill, however, have layers which are much more difficult to 
resolve, with analyses which can have four or more layers to obtain a reasonable fit with the data. This is 
understandable, since a landfill is by nature not layered or homogeneous. However, one consistent aspect 
of soundings made over the landfill is that there is a very low resistivity layer (less than 15 ohm-meters) 
which is not found in most soundings off-landfill. This layer could be leachate-saturated refuse and fill, a 
hypothesis supported by indications that the layer shifted upward in position over time.
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An additional way to test the hypothesis that the low resistivity layer is leachate in the landfill is 
to compare it with other geophysical surveys of the landfill. Electromagnetics (EM) induces 
electromagnetic fields in the landfill. The field is also affected by metallic objects, as mentioned earlier.
In EM the in-phase and quadrature components respond differently if metals are present. Thus, one can 
determine if the low resistivity could be caused by metal objects in the sounding line. The 
electromagnetic data presented by Carpenter (1992) seem to indicate that soundings 3 and 5 should be 
relatively free of large, metal-caused anomalies, but that sounding 4 could have been affected by a metal 
object near the sounding line to the south. Carpenter (1992) also indicates that an area of leachate 
mounding is identifiable tty electromagnetic measurements in the general area of soundings 3 through 5, a 
finding which my results support Black and Carpenter (1997) are currently refining their approach and 
also are incorporating total field magnetic survey data.
If, indeed, there is leachate mounding in the landfill, as my results seem to indicate, then there is 
a possibility of the leachate seeping into the water table which is about 3-6 meters from the bottom of the 
landfill and travelling off-site (Carpenter et al., 1990 and Carpenter, 1992). A thorough investigation into 
the hydrogeology of the area would need to be (tone to determine the true groundwater flow pattern, 
however, since available information is sketchy. I would suggest that the northern and eastern sides of the 
landfill (where leachate seeps are visible) should be monitored first for groundwater contamination. A 
high leachate head level in the landfill could conceivably change the groundwater flow pattern of the 
landfill from a flow-through area to a recharge area with radical discharge (Fetter, 1994). If that process 
occurs, then possible large-scale contamination of the groundwater could occur by leachate flowing out in 
all directions.
If the ANL 800 Area Landfill data are typical of data that would be collected over landfills, then 
several statements can be made. First, that it is possible to do resistivity surveys of a landfill and obtain 
interpretable results. Second, resistivity surveying has potential to identity leachate levels. Third, 
resistivity surveying can be done over time to monitor leachate production and accumulation. Fourth, one 
must never neglect to use other methods of monitoring as well, since resistivity can be affected by many 
things other than leachate levels. And, finally, one must be certain to assess the amount of error and
12
inherent variability (equivalence) that can occur in resistivity analyses and take that error into account 
when discussing resistivity results.
Thus, the ANL 800 Area Landfill data has shown resistivity surveying over a landfill to be useful 
to an extent, especially when used in conjunction with other monitoring techniques. Resistivity 
measurements can likely also be used in other landfills to locate areas where leachate could be a problem. 
Perhaps such surveys should be done along the landfill perimeter in conjunction with other methods to 
detect possible contamination plumes (Carpenter et al., 1990). So, while resistivity surveying by no 
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APPENDIX B —  Resix Analyses
ARG-2 PAGE 1
DATA SET: ARG-2
CLIENT: niu/cjb DATE: 1990
LOCATION: 800 landfill SOUNDING: 2
COUNTY: DuPage, County AZIMUTH: e .s ide
PROJECT: C.J Black EQUIPMENT: sas 300b
ELEVATION: 0.00
SOUNDING COORDINATES: X: 0.0000 Y: 0.0000
Schlumberger Configuration
, Pt R E S I S T I V I T Y THICKNESS ELEVATION LONG. COND. TRANS.  RES
( o h m - m ) ( m e t e r s ) ( m e t e r s ) ( S i e m e n s ) ( O h m - m " 2 )
0 . 0
1 S 4 . 3 5 1 . 4 3 - 1 . 4 3 0 . 0 1 7 0 1 2 1 . 4
2 7.  10 0 . 9 4 3 - 2 . 3 8 0 1 J 6 . 7 0
3 S S . 4 5
A L L PARAMETERS ARE FREE
PARAMETER BOUNDS FROM EQUIVALENCE ANALYSIS
LAYER MINIMUM
RHO 1 77.892Q 1.713
3 74.876
THICK 1 1 . 305■) 0.22"’




7 . 109 16.716
88.459 105.176
1 . 440 1 . 596
0.943 2.225
1.440 1. 596





LOCATION: 800 landfill 
COUNTY: DuPage, County 
























1 36. 14 0.67O
0.0 
-0.670 0.0185 24. 23




14.03 -17.24 1.86 105.4
ALL PARAMETERS ARE FREE 
PARAMETER BOUNDS FROM EQUIVALENCE ANALYSIS
L A Y E R M I N I M U M B E S T M A X I M U M
R H O 1 3 1 . 5 0 4 3 6 . 1 4 7 4 5 . 6 8 1
jd 1 1 . 0 1 3 1 4 . 0 8 3 1 9 . 1 9 7
n 5 . 4 9 0 7 . 5 1 1 9 .  1 7 8
4 1 1 6 . 7 4 3 1 3 0 5 . 0 6 9 9 4 8 0 . 8 1 8
T H I C K 1 0 . 4 0 1 0 . 6 7 0 0 . 9 3 0
1 . 2 7 3 2 . 5 4 2 5 . 6 2 7
8 . 5 8 7 . 1 4 . 0 3 5 1 9 . 6 1 2
D E P T H 1 0 .  4 0 1 0 .  6 7 0 0 .  9 3 0
Lc! 1 . 7 6 0 n  1 nU « X.1 J 6 . 4 3 5




CLIENT: Argonne National Labratory 
LOCATION: resistivity(Sch1umberger)
COUNTY: Argone 









0 . 0 0 0 0












1 44.45 0. 625 -0.625 0.0140 27.81






21.95 -24.34 1.72 280.2
ALL PARAMETERS ARE FREE
PARAMETER BOUNDS FROM EQUIVALENCE ANALYSIS
LAYER MINIMUM BEST MAXIMUM
RHO 1 35.603 44.453 55.210
6. 080 8. 540 11.120nu 10.700 12.761 1fa•237
4 62.991 342.817 1095.969
THICK 1 0. 494 0.626 0.796
0. 596 1.760 5.495
'-Iu 14.550 2 l.958 31.946
DEPTH 1 0 . 494 0.626 0.796




CLIENT: NIU/CJB DATE: 1990
LOCATION: 800 landfill SOUNDING: 3
COUNTY: DuPage, County AZIMUTH: NW corne
PROJECT: C .J B 1ack EQUIPMENT: sas 300b
ELEVATION: 0.00 
SOUNDING COORDINATES: X: 0.0000 Y: 0.0000
Schlumberger Configuration 
FITTING ERROR: 3.685 PERCENT
W '
L Pt RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES
(ohm-m) (meters) (meters) 
0.0
(Siemens) (Ohm-m''2)





9.72. -12.86 1.44 65.48
ALL PARAMETERS ARE FREE
PARAMETER BOUNDS FROM EQUIVALENCE ANALYSIS
LAYER MINIMUM BEST MAXIMUM
RHO 1 2 2 . 7 6 1 2 3 . 7 3 8 2 4 . 7 7 4
2 4 . 8 6 3 6 . 7 3 1 8 . 8 1 0
3 2 4 6 6 . 4 3 3 4 5 0 3 . 7 3 9 7 3 1 5 . 8 9 9
THICK 1 2 . 6 6 9 3.  139 3 . 7 2 5
2 6 . 6 8 9 9 . 7 2 S 13.  186





LOCATION: 800 landfill SOUNDING:
COUNTY: DuPage, County AZIMUTH:
PROJECT: C.J Black EQUIPMENT:
ELEVATION: 0. 00





FITTING ERROR: 2. 184 PERCENT
# RESISTIVITY THICKNESS ELEVATION LONG. COND




*7* 21.74 3.71 -4.12 0. 170
nu 2.95 3.90 -8.03 1.31
4 407.5
ALL PARAMETERS ARE FREE 
PARAMETER BOUNDS FROM EQUIVALENCE ANALYSIS
L A Y E R M I N I M U M B E S T M A X I M U M
R H O 1 2 4 . 9 9 4 2 7 . 7 5 9 3 3 . 1 3 0
Li! 2 0 . 1 9 6 2 1 . 7 4 9 2 2 . 7 9 8
n 1 . 5 4 0 2 . 9 5 7 cr* J . .i. .i jL
4 1 6 5 . 5 1 1 4 0 7 . 5 0 7 1 9 4 1 . 8 5 1
T H I C K 1 0 .  2 2 4 0 . 4 1 4 0 . 7 2 6
3 .  2 4 4 3 .  7 1 5 4 . 0 5 6
n 2 . 0 1 8 3 . 9 0 2 6 . 9 3 2
D E P T H 1 0 .  2 2 4 0 . 4 1 4 0 . 7 2 6
3 . 7 9 1 4 .  1 2 9 4 . 5 2 5









( 0 h m - m ' ‘'2)
11.49
80.30




LOCATION: 800 landfill 
COUNTY: DuPage, County 





AZIMUTH: NW corner LF 
EQUIPMENT: sas 300b
0 - 0 0 0 0  Y:  0 . 0 0 0 0
Sch1umberger Configuration
FITTING ERROR: 6-347 PERCENT
ft RESISTIVITY THICKNESS ELEVATION LONG- COND- TRANS- i
(ohm~m) (meters) (meters) (Siemens) (Qhm-rn
1 15-09 0 - 429
0 - 0
-0 - 429 0.0284 6-48
2 47-24 0-524 -0-953 0 . 0110 24.76
3 15-09 7.07 -8 - 02 0.468 106 - 7
4 61-44 3.65 -11.67 0-0594 224-2
5 12.52
ALL PARAMETERS ARE FREE
PARAMETER BOUNDS FROM EQUIVALENCE ANALYSIS
LAYER MINIMUM BEST MAXIMUM
RHO 1 5-626 15-096 21.588
2 28-442 47-244 100.133
3 12- 516 15.094 17.865
4 21.081 61.440 374,991
5 5 - 796 12.524 19.781
THICK 1 0.. 086 0.430 O / ,-/•
2 0-184 0 - 524 1
ARG~5 PAGE 1
DATA SET: ARG-5
CLIENT: NIU/CJB DATE: 1990
LOCATION: 800 landfill SOUNDING: 5
COUNTY: DuPage, County AZIMUTH: NW c o m e
PROJECT: C.J Black EQUIPMENT: sas 300b
ELEVATION: 0.00
SOUNDING COORDINATES: X: 0.0000 Y : 0.0000
Schlumberger ConfIguration
FITTING ERROR: 3.004 PERCENT
. & RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES
(ohm-m) (meters ) (meters) (Siemens) (Ohm-m'2 )
0 „ 0
1 41.16 0.452 ---0.4 52 0 . 0 l10 18.64
2 17.60 4 8 0 — 5.2 6 0,273 84.67
3 2.71 3.52 - 8.78 1 . 29 9.56
4 55.22
ALL PARAMETERS ARE FREE
PARAMETER BOUNDS FROM EQUIVALENCE ANALYSIS
LAYER MINIMUM BEST MAXIMUM
RHO 1 28.726 4 1. 1.65 73 . J.OJ
2 16.910 J. 7 . 610 18.713
'K% 1.441 2.717
4 34.. 688 55.220 1 . 0 9 .36 ;•
THICK 1 0.309 0.453 O . 584




LOCATION: 800 landfill 
COUNTY: DuPage, County 
PROJECT: C.J Black 
ELEVATION: 0.00




AZIMUTH: West Road 
EQUIPMENT: sas 300b
0 . 0 0 0 0
FITTING ERROR: 2.984 PERCENT






( m e t e r s )
0 . 9 1 9  
4.56
ELEVATION 
( m e t e r s )
0 . 0





0 . 3 1 5
W  ALL PARAMETERS ARE FREE




MINIMUM BEST MAX I MUM
1 2 0 . 0 6 6 2 1 . 7 1 3 2 3 . 7 88
~) 1 2 . 5 1 6 1 4 . 4S0 16.  19"
J 4 1 . 0 9 7 45 . 100 5 0 . 3 4 4
1 0 . 5  7 5 0 . 9 2 0 1 . 4 5 6
2 3 . 2 6 4 4 . 56S 6 . 1 2 3
1 0 . 5 "  5 0 . 9  20 1 . 4 5  0




6 6  . 14
DEPTH
A R C - 7 PAGE 1
DAT A S E T :  A K G - 7
CL!ENT N 1U/CJB DATE 1990
LOCATION 800 1 and fi 1 1 SOUND I NO 7
COUNTY DuPage, County AZIMUTH No r t h Road
PROJECT C . J B l a c k EQUI PMENT sas 300b
ELEVATION 0.00
SOUND 1 N't.i i.uORDi NATES: X: 0.0000 Y: 0.0000
Wenner Configuration
P I T T I N G  E R R O R : P E R C E N T
L. Pi R E S  1 S T  I V  TTY T H I C K N E S S E L E V A T I O N L O N G .  C O N D I T R A N S .
( o h m - m ) ( m e t e r s ) ( m e t e r s ) ( S i e r n e n s  ) ( O h m - m
0 . 0
1& 1 9 .  1 0 3 . 5 6 - 3 . 5 6 0  . 1 8  6 6 S  . 0 "
“t 3 8 . 5 4 4 S .  3 8 - 5 1 . 9 5 1 . 2 5 1 8  6  5 .0
J 1 9  3 . 0
ALL PARAMETERS ARE PR EE
P A R A M E T E R B O U N D S  P R O M E Q U 1 V A L E N C E  A N A L Y S T
L A Y E R Mi  N i MUM B E S T MAX I MUM
KHO ! ! 8 . 4  2 T 19. .  1 0 3 1 9 . 8 4 0
1 5 4 . 8  3 4 3 8 . 5 4  3 4  4 . 1  0  -i
% JC  . 0 5 4 l 9  3 . 0  5 0 9 9 2 . 1 0 8
T H I C K  l 2 . 8 0  2 3 . 5 6  4 4 . 5 3  3
2 8 . 2 2 6 4 8 . 3  S 9 1 0 0 . 0 8 2
D E P T H  i 2 . 8  0  2 3 . 5 6 4 4 . 5 3  3




LOCATION: 800 landfill 
COUNTY: DuPage, County 













FITTING ERROR: 4.267 PERCENT
Pt RES I S T I V I T Y  
( o h m - m )
THICKNESS 
( m e t e r s )
ELEVATION
( m e t e r s )
0 . 0
LONG. COND. 
( S ie m e n s  )
T R A N S .
( Ohm-m
1 7 . 1 5 0 . 3  6 5 - 0 . 3 6 5 0 . 0 5 1 0 2 . 6 1
8 4 . 9 1 0 . 6 6 5 - 1 . 0 3 0 . 0 0 7 8 4 5 6 . 5 4
J 1 2 . 0 7 2 . 0 9 - 3 . 1 2 0 . 1 7 3 2 5 . 2 5
4
5
2 9 . SI  
5 2 2 . 9
^ . 2 4 - 2 5  . 36 0 . 7 4 6 6 6 3 . 3
RES
ALL PARAMETERS ARE FREE
PARAMETER BOUNDS FROM EQUIVALENCE ANALYSIS
LAYER MINI MUM BEST MAX I MUM
RHO 1 0.34 9 7 . 154 1 2 .9 l S
-> 43.323 84 .916 211.626
3 9.750 1 2 .079 l 9.9 90
4 25.630 29 .818 44.250
5 194.3 .V-» 5 2 2 . 9 6 ' 1 5 4 0.4 ‘ 6
THICK I 0.0 : c. u . 365 0 .6 "' 9
■> O . 2 " 9 0 . 6 6 {i 1.57 3
j I .4 0 .-: T . O') 1 5 . 5 1 • ’1
4 1 ~ . 5 ! 9 T 1. 24 “ 3 2.0 o X
1)1 11 i ii i 0 . • ■ (.) mi • % ’'s ! ! . . . ' 1 )
'i o . 5 '! ■ 1 i . 9 3()
J 2.44 ;s .1. i -1 - (> . 4 6 8




CLIENT: Argonne National Labratory 
LOCATION: resistivity(Schlumberger) 
COUNTY: Argonne 
PROJECT: ANL Projrct 
ELEVATION: 0.00






S c h 1u m b e r g e r  Con f i g u r a  t i on
F I T T I N G  ERROR: J . o O f PIMA i.N T
Pt R E S I S T I V I T Y THI CKNESS ELEVATION LONG.  CONI.)
{o h m - m ) ( me i  e r ! ( e r ) ( s i e r ne ns  ;
1 13 2 . 3 0 .  a 5 5
. 0
-  0 . () 5 5 0 . *) 05 5 5
2 4 8 . 5  2 1 o . ~ 8 -  i ” . 44 O . 3 4 0
-i ” 0 5 . 4
ALL PARAMETERS ARE FR Li:
PARAMETER BOUNDS ERO.M EQU i VALENCE. ANALYSIS
LAYER MINIMUM BEST MAXi MUM
RHO ! 0 8 . 0 6 0 ! 2 2 . 3 0 ('■ ' 4 i . 0 2 2
4  ^ “ A ^ — •' • .  ^ _ J' ; !| . ....i
%J 4 5 0 .  (, 2 2 ~  0 5 . - ” • f • 4 . S
i'H 1 CK i 0 . 5 4 “ 0 . 8 0 9
•» 14 . (:>! i 1 0 . 0 9 9
Di ’ Hi ; . i 5 0 . 8 0 9





s s a s 3 0 0 b 
0 0 0
TRANS.  RES.  
( Ohm-iM '  3 '
$ 0 . i e 
S 1 4 . b
TECHRD1 PAGE 1
\ - fg -y
CLIENT:
DATA SET: TECHRD1 
Argonne National Labratory DATE 7/17/91
LOCATION: Resistivity (Wenner) SOUNDING 2
COUNTY: Argonne AZIMUTH N-S
PROJECT: ANL Projrct EQUIPMENT ssas 300b
ELEVATION: 0.00
SOUNDING COORDINATES: X: 0.0000 Y: 0.0000
Wenner Configuration
F I T T I N G  ERROR: S. 509 PERCENT
Pt R E S I S T I V I T Y THICKNESS ELEVATION LONG. COND. TRANS. RES
(o h m - m ) ( m e t e r s ) ( m e t e r s ) ( S i e m e n s ) (O h m - m " 2 )
o o
1 4 9 . 1 3 1 . 10 - 1 . 1 0 0 . 0 2 2 4 5 4 . 1 0
9 3 . 5 2 5 . 0 4 - 6 . 1 4 1 . 4 2 1 7 . SO
3 1 1 . 7 4
ALL PARAMETERS ARE FREE
PARAMETER BOUNDS FROM EQUIVALENCE ANALYSIS
LAYER MINIMUM BEST MAXIMUM
RHO
THICK
I 4 1 .66 3 4 9. 135 5S.060•> 2.241 3.530 4.90“
9.7S6 ! 1 . 7 4 “ 1 4 . 7 " 0
1 0.962 1.10 1 1 . 2“27 2.507 5.043 9.016
l 0.9 o 2 I . 10 l l.2"2■> 3 . “00 0 . 14 4 1 0.0 5 S
DEPTH
3 1 9 EW PAGE 1
W
DATA SET : 3 1 9 EW
CLIENT A i' g o nne X a t oiici l Labi a tory DATE : 7/17/91
LOCATION Resist i v i t y (Wenne r) SOUND I NC,: 3
COUNTY A i' g o n n e A ?. I Ml 'TH : E-W
PROJECT ANL P r o j re i LQUI PMENT: .s sa s 300b
I. EVATI ON 0.00
SOUND I NO COORD I N ATES : X : 0.0000 Y : 0.0000
SchIumbe rge r Con f i gu ra t i on
FITTING ERROR 3.430 PERCENT




( o h in — in ) ( me t e r ?> ) (me t e r s ) f S i ernens
0.0
“ i . 3 c» 0 . 4^2 -0.4"2 o .o o o o% —J . . 9 8 6.3 6 - “ . M4 0 . ! ~ 2
2 04 . 4
P A R A M L r »• e ART '■ 1■ !
:R AM S T! !' pt-l'NPS i RDM !'nU J V A ! fNiT. AXAi \ S :S
i Y ER MINI MUM P EST MAX ; M< ‘4
! f. ) ■' S' ’ " ! . 3 0 3 V J • V .
J. • — • 3 “ . ‘\x ~ 3 *;. *»• <c
. \ 2 4 ! . 3 OS 204.4 5 2 2 9 2 . 5 4 v.
 ! 0 . j / 4 0 . 4 ” 2 0 . ^ 20
. soo 0. 5 08 ~ . 289
ti ! o -s j <: . 4 “ 2 i- e2:>■» ('•. 4 3 8 “ .041 “ . o>:2
TRANS. RES 
{Ohm-in " 2 )
 ^,3 . 1
2 4 0 . 5
W
